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ABSTRACT

OBJECTIVE: To develop, validate and estimate national and
across state prevalence on a multidimensional index that
assesses the complex medical, social, and relational health
risks experienced by United States children.

METHODS: Data from the National Survey of Children’s
Health were used to construct the Integrated Child Risk Index
(ICRI) which includes medical health risk (MHR), social
health risk (SHR) and relational health risk (RHR) domains.
Confirmatory factor analysis and logistic regression analyses
were employed to assess construct and predictive validity.
Validity outcomes were child flourishing, school engagement/
readiness, emergency room utilization and forgone care.
REsuLTSs: Confirmatory factor analysis confirmed the ICRI 3-
domain structure and greater correlation between MHR and
RHR than MHR and SHR. Logistic regressions confirmed
strong predictive validity of the ICRI for all study outcomes
and ICRI scoring approaches. Nearly two-thirds of children
(64.3%) with MHR also experienced SHR and/or RHR. Nearly
one-third of United States children experienced risks on 2 or
more ICRI domains and 15% of publicly insured children had

risks on all domains (16.2%; 9.0%—25.7% across states). Sig-
nificant variations were observed across states and by age,
race/ethnicity, health insurance and household income.
CoNcLUSIONS: The ICRI is a valid national and state level
index associated with children’s flourishing and educational
preparedness and emergency and forgone care. National child
health policies and Medicaid risk stratification and payment
models should consider children’s RHR in addition to SHR
and MHR. Results call for integrated systems of care with the
capacity to address medical, social and relational health risks
and promote well-being. Substate and clinical applications
require research.

KEYWORDS: child health; medicaid; risk assessment; social
determinants of health; relational health; National Survey of
Children's Health (NSCH); adverse childhood experiences
(ACEs); children with special health care needs (CSHCN);
complex needs; integrated care; Flourishing; School Readiness
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WHAT'sS NEwW

The Integrated Child Risk Index assesses the complexity
of children’s health risks across medical, social and rela-
tional domains, predicts important outcomes and may
help inform and evaluate policies to improve child
health equity and establish integrated systems of care.

THE CORONAVIRUS PANDEMIC has highlighted the real-
ity that our children’s physical, mental, social, and rela-
tional lives are inextricably intertwined and collectively
promote or diminish both their early development and
lifelong well-being.'”” If nothing else, the disparities in
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morbidity and mortality unveiled by the pandemic con-
firm what our best science has told us for decades: physi-
cal and mental health do not occur in a vacuum and are
strongly impacted by social inequities and the toxic stress
and trauma that can arise in the presence of relational
risks. >’ Socially, children must have basic needs met,
like food,'®!" safe housing,l L12 and neighborhoods free
from violence'” and racism.'* Relationally, healthy devel-
opment requires the presence of safe, stable and nurturing
relationships across all contexts where children learn,
play and grow, 1-3+47:15-20

Americans value the well-being of children.”! Yet, the
United States (US) remains persistently low in
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international rankings in overall child well-being.”” A
synthesis of recent National Academy of Sciences expert
reports reveals the urgent need for the US to prioritize pol-
icies that promote the health and well-being of its chil-
dren, and each call for integrated and upstream strategies
to address the constellation of child-, family-, and com-
munity-level risks that impact child health, rather than
focusing on single risk factors.”” Recommendations
include: 1) collaborative efforts across health, education,
and social services sectors; 2) team-based approaches to
prevent and mitigate risks by proactively promoting
child-, family-, and community-level protective factors;
and 3) training, payment and performance measurement
strategies focused on healthy child development and posi-
tive health and educational outcomes.”” In turn, these
efforts require integrated assessments that consider the
complex array of children’s physical, mental, social, and
relational health risks associated with health and educa-
tional outcomes in order to assess, plan for and target
services based on child and family needs.”*

Despite growing consensus on the need for such inte-
grated assessment approaches, prominent risk stratifica-
tion and associated payment methods primarily focus
narrowly on medical health risks (MHRs) — children’s
existing physical, mental or developmental medical diagno-
ses — that are associated with increased costs of medical
care.” ¥ Such narrow assessments are inherently reactive
(vs preventive), biased against children with poorer access
to diagnostic services and/or who experience negative
impacts, perhaps due to social and relational health risks,
but lack a physical, mental or developmental medical diag-
noses. Predominant medical cost-driven and diagnostic-
based methods typically do not account for the mitigatable
community-level social health risks (SHR) that pose threats
to children’s health (eg, poverty,”””*" food insecurity, "’
exposure to community violence'® or racism'*’") or the
family-level relational health risks (RHR) that threaten
children’s well-being (eg, Adverse Childhood Experiences
[ACEs]'">15203233 or caregivers who lack support or
are distressed).>***%

With the exception of interpersonal safety, a recent
review of evidence on social risks screening and interven-
tions conducted for the US Preventive Services Task
Force limited the concept of social risks to income-associ-
ated factors.”® This review found evidence that interven-
tions to address such risks may reduce health care costs
but that few studies examined associations with health
outcomes. Also found was lack of validation for most
multidomain social risk screening tools and documenta-
tion that these tools — with the exception of interpersonal
safety — do not include relational health risks, like ACEs
or lack of social/emotional support. This also appears to
be true for risk assessment approaches being employed in
the Integrated Care for Kids (InCK) state demonstra-
tions.”®*® However, research documents independent
associations between the health of adults and children and
such relational health risks, even among those lacking
income-associated social risks.'®*” Further emphasizing
the importance of considering relational health risks is a
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recent study revealing a 2.8 times higher rate of mental,
emotional and behavioral health problems among US chil-
dren when they experience 2-4 relational health risks but
do not experience social health risks.”” The importance of
a distinct focus on preventing and addressing relational
health risks is also strongly recommended by the Ameri-
can Academy of Pediatrics in its 2021 revised policy
statement on childhood toxic stress that documents the
foundational role of relational health to fostering healthy,
resilient children, and recommends the proactive assess-
ment and promotion of relational health for all children.’

In response to the gaps in research on integrated assess-
ment approaches for children,”** this study aimed to 1)
design and evaluate the construct validity of an index that
integrates information about the complexity of the risks
children experience across medical (physical/mental
health problems and functional difficulties), social (eco-
nomic hardship, food insecurity, community safety, rac-
ism), and relational (Adverse Childhood Experiences,
parent/caregiver distress) health domains; 2) evaluate pre-
dictive validity of the index using positive health and
health care utilization outcomes; 3) examine associations
among risk domains to document their interacting and/or
independent impacts; and 4) estimate national and across
state prevalence across child subgroups.

MEeTHODS

DATA AND POPULATION

Data from the 2016—2019 National Survey of Child-
ren’s Health (NSCH) were used.*"**> The NSCH is an
annual survey led by the US Health Resources and Serv-
ices Administration’s (HRSA) Maternal and Child Health
Bureau (MCHB) in collaboration with the US Bureau of
the Census.”' Unlike some state-level efforts to assess
children’s medical and social risks using system-level
data,”’ the NSCH has the advantage of providing state
data at the child level across numerous topics and enables
stratification across a wide range of child characteristics.
Here we used the combined 2016—2018 NSCH data
(n = 102,341) to create and validate the Integrated Child
Risk Index (ICRI), and then used the 2019 NSCH data
(n = 29,344) to assess the reliability of study findings.
Data were weighted to be representative of the nation and
each state’s population. Missing value rates were less than
3% for any individual item used in the study, which is
well under the suggested 5%—10%."" See Technical
Appendix A1-A2 for details.**

APPROACH TO THE DESIGN OF THE INTEGRATED CHiLD Risk
Inoex (ICRI)

The ICRI is based on the eco-bio-developmental
model' of child health and builds on a body of work
undertaken by the Child and Adolescent Health Measure-
ment Initiative (CAHMI) and its leadership of the
National Maternal and Child Health Measurement
Research Network (MCH MRN) and the MCH MRN’s
Positive and Relational Health and Social Determinants
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of Health Technical Working Groups.”**® The purpose of
this initial work was to inform risk stratification approaches
under consideration by states applying for funds to imple-
ment the Center for Medicare and Medicaid Services
(CMS) Integrated Care for Kids (InCK) model. 78

ICRI development married cumulative risk (CR) and
factor analytic approaches to create a child-level cumula-
tive risk index with 3 distinct domains of risk (MHR, SHR,
RHR).”*”" While CRs emphasize risk quantity and diver-
sity and have higher predictive value across many different
outcomes compared to individual risk variables, they lack
specificity in terms of types of risks experienced. Alterna-
tively, factor analyses capture risk intensity and differenti-
ate between risk types through the identification of latent
risk factors but are highly sample dependent.*”” Our mul-
tifaceted approach adopts the simplicity of CR while
leveraging the nationally and state level representative
nature of the NSCH dataset to evaluate the ICRI factor
structure and set forth national and across state prevalence.

SeLecTioN oF INDIVIDUAL Risk Measures WiTHIN ICRI
Domains

NSCH items and measures used to create individual
ICRI measures were drawn from previously validated
instruments and underwent the NSCH’s standard mixed-
method development process to optimize the face, con-
struct, and convergent/divergent validity of items and
multi-item NSCH measures.”’** To select individual
measures for the ICRI, we built on Sameroff and
colleague’s approach, whereby risk measures were
selected based on: 1) prominent models and measures
with significant literature basis on the risk’s impact on
child health and development; and 2) high reliability of
individual risk measures.”'”* We used dichotomous high/
low cutoff scores for each measure, with specific criteria
based on values known to be predictive of child health
and development outcomes or clinical/diagnostic
criteria.”*> Sensitivity analysis of individual items was
conducted. When setting cutoffs, we took a conservative
approach that erred on the side of positive predictive value
over negative predictive value, such that if a child was
positively identified on any measure, there would be unar-
guable evidence that the child was at risk (eg, children
met cutoff criteria if they had “poor or fair” overall health
status or “poor or fair” caregiver mental health status,
even though “good” ratings often suggest children are at
increased risk compared to those with “very good” and
“excellent” ratings™ ).

Risk DomaINs

A total of 12 health risk measures were included.
Below, we provide an overview of each measure by risk
domain. Due to space limitations, further details about
each measure is provided in Technical Appendix A3-
A5 4144

The Medical Health Risk (MHR) domain includes 4
measures that identify children experiencing: 1) a more
complex special health care need based on responses to
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the validated CSHCN Screener;S(’ 2) two or more of the
chronic or life-long diagnosed conditions asked about in
the NSCH;>’ 3) one or more of 11 frequent, chronic and/
or serious functional difficulties aligned with domains
included in the International Classification of Functioning
for Children and Youth:*® and 4) fair or poor overall
health status.”

The Social Health Risk (SHR) domain includes 4 meas-
ures that identify children whose caregivers reported that
they: 1) sometimes or often could not afford enough food
to eat;'”"" 2) somewhat often or very often found it hard
to cover the costs of basics needs, including housing;zg 30
3) lived in an unsafe neighborhood or where the child was
a victim of or witnessed violence;”’” and 4) witnessed
their child being treated or judged unfairly due to his or
her race or ethnic group.'*'

The Relational Health Risk (RHR) domain includes 4
measures that identify children based on risks to the
safety, stability and nurturing qualities of their relation-
ships in the home. The RHR domains identifies children
who: 1) experienced 2 or more of 6 household level
adverse childhood experiences (ACEs) using the validated
NSCH_ACEs indicator and cutoff shown to predict poorer
outcomes;"®" 2) had 1 or 2 caregivers with fair/poor
mental health;”**7 3) had a caregiver report frequent
aggravation with their child;*” and 4) had a caregiver who
lacked emotional support or was not coping well.”**>-%3

Together, the social and relational risk measures repre-
sent 11 of the 13 topics addressed in the Accountable
Health Communities (AHC) Health-Related Social Needs
(HRSN) Screening Tool and all but one of the topics
addressed in the recent USPSTF evidence review.’®**
See Technical Appendix B for a comparison of ICRI
measures and other social determinants of health
assessments.”"

PrepicTive VaLIDITY OutcomE MEASURES

HeaLTHeARE UTiLIZATION

Hospital Emergency Room Utilization (ER) assesses
whether children had at least one emergency room visit
(ER) in the past 12 months based on caregiver response to
the question, “During the past 12 months, how many times
did this child visit a hospital emergency room?”**

Forgone Care assesses whether a child had to forgo
receiving needed healthcare in the past 12 months based
on caregiver response to the question, “During the past 12
months, was there any time when this child needed health
care, but it was not received?’ ¥

PosiTive HEALTH AND EDUCATIONAL PREPAREDNESS AND
ENGAGEMENT

Child Flourishing Index (CFI) evaluates whether chil-
dren demonstrate characteristics associated with key
flourishing constructs and was developed and validated
for use in the NSCH.'"-°° The CFI varied by child’s age
and assesses child curiosity and interest in learning, posi-
tive social and emotional characteristics, ability to focus
and complete tasks and self-regulation. Using validated
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scoring methods, dichotomous indicators were created,
where a score of 4 for 6-month to 5-year-olds and a score
of 3 for 6-17-year-olds was coded as “1” (“flourishing”)
and lesser scores were coded as “0” (“not flourishing”).
Due to changes in the NSCH for CFI items between 2017
and 2018, only data from 2016 and 2017 was used in
regression analyses using the CFI as the dependent vari-
able. See Technical Appendix A5 for measurement
details. "

Educational preparedness and engagement assesses
whether or a not a child was prepared to engage in school
(ages 3—5) or met criteria for school engagement (ages 6-
17). Children ages 3—5 were classified as “prepared to
engage in school” if their caregivers reported they were
very or completely confident that their child was ready for
or would be successful in school — an item highly corre-
lated with a more robust school readiness indicator."*¢’
School-age children (age 6—17) met criteria for school
engagement if their caregivers reported always/definitely
true or usually that their child “cares about doing well in
school” and “does all required homework.”** Readiness
to engage/school engagement was coded as “1” for meet-
ing criteria and “0” for not meeting criteria. See Technical
Appendix A5 for measurement details.”

DemocraprHIC MEASURES

Demographic variables were measured using standard
NSCH cate:gories42 and included: child age (0—5, 6—11,
12—17); sex (male = 1, female = 0); race and ethnicity
(Hispanic, Non-Hispanic Black, Non-Hispanic White,
Other/Multi-Racial, Asian, Non-Hispanic, American
Indian/Alaska Native, Non-Hispanic, Native Hawaiian/
Other Pacific Islander, Non-Hispanic); household income,
calculated as a percentage of the federal poverty level
(0%—99%, 100%—199%, 200%—399%, > 400%); and
type of health insurance (public, uninsured, private).

ANALYTIC PROCEDURES

CoNFIRMATORY FACTOR ANALYSIS

We first computed Pearson’s correlations among all 12
ICRI measures to evaluate information redundancy using
standard intervals established in the literature to evaluate
the strength of correlations (r = 0, no correlation;
r = below +/-0.10, low; r = +/-0.30, moderate; r > +/-0.50,
large; t = 1, perfect correlation).® We then conducted a
3-factor CFA model allowing for correlated factors, where
each factor represented one of the 3 risk domains, each
comprised of 4 individual risk items. We compared this
model with a unidimensional one (ie, all 12 items on one
factor). We evaluated model fit using multiple fit indices
with standard acceptable fit criteria: x°, comparative fit
index (CFI) and Tucker-Lewis Index (TLI) >0.95; root
mean-square error of approximation (RMSEA) <0.08;
and standardized root mean squared residual (SRMR)
<0.08.°*7" We further evaluated associations among
ICRI domains by estimating prevalence of MHR by the
SHR and RHR children experience.
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ICRI ScorinGg

A goal for the ICRI was to create a dynamic instrument
useful for epidemiological research, population health
policymaking and management and with relevance as an
assessment model for clinical practice. As such, we con-
ducted a thorough investigation of potential scoring
options and discuss the benefits and trade-offs for each
one in Table 1. The 3 options include Domain Count
(number of domains with at least one risk), Domain Com-
bination (8 mutually exclusive categories of combinations
of MHR, SHR, RHR) and Cumulative Risk (count of indi-
vidual risks). Prevalence and validity analyses were con-
ducted separately for each option and results were
compared to understand the utility of each option in pro-
viding a robust and pragmatic scoring system for the
ICRI.

PrepicTive VALIDITY

To evaluate the predictive validity of the ICRI, for each
ICRI scoring option and study outcome we conducted
logistic regressions using the ICRI as the primary predic-
tor. For health care utilization, the reference category for
ICRI scores was the lowest level of risk. For positive out-
comes the reference category was the highest level of
risk. Each model controlled for children’s sex, age, race/
ethnicity, household income, and insurance type. Results
are presented as adjusted odds ratios [aORs] with 95%
confidence intervals (95% CI).

NATIONAL AND STATE PREVALENCE

National and state prevalence was calculated for each
ICRI scoring option, individual domain and risk measure
and compared by child age, sex, race/ethnicity, income,
and type of health insurance using chi squares tests of
differences. Nested t-tests were employed to test the sig-
nificance of differences between the prevalence of chil-
dren in the nation versus each state who experience at
least 2 ICRI domains. This was evaluated for all children
and separately for children in each state who lived in
households with incomes below 200% FPL to approxi-
mate prevalence for more economically vulnerable chil-
dren. Finally, we compared findings using 2016—2018
NSCH with those using the 2019 NSCH as a final test of
reliability.

REesuLTs

CoNFIRMATORY FACTOR ANALYSIS VALIDATION

The 12 ICRI measures were not statistically redundant.
Each of the 66 Pearson’s correlations were significant
(P < .05), yet all but 5 was low to moderate. Four sets of
risk criteria exceeded the moderate correlation classifica-
tion, and one correlation was large (r = 0.596; “more com-
plex CSHCN” and “2+ chronic conditions”). See
Technical Appendix A4.** Results from the 3-factor CFA
confirmed good model fit (x*(51) = 1,560.14, P < .001;
RMSEA = 0.02; SRMR = 0.08; CFI = 0.96; TLI = 0.95;
Figure 1, Panel A). All paths were significant (P < .05),
but the parameter estimate of caregiver emotional
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Table 1. Description of ICRI Scoring Options and the Benefits and Tradeoffs of Each Option

Scoring Option Description

Benefits Tradeoffs/Solutions

1. Domain Count

complexity

2. Domain Combinations

domain:
None (0 risks)

Only relational (> 1 RHR, 0 MHR,
0 SHR)

>1 SHR, 0 RHR)

>1RHR, 0 SHR)

>1RHR, 0 MHR)

>1SHR, > 1 RHR)

3. Cumulative Risk

fewer than 5 risks).

Total number of domains experienced (0—3),
where higher values represent greater

Eight mutually-exclusive combinations of
domains based on scores within any single

Only medical (> 1 MHR, 0 SHR, 0 RHR)
Only social (> 1 SHR, 0 MHR, 0 RHR)

Medical and social only (> 1 MHR,
Medical and relational only (> 1 MHR,

Social and relational only (> 1 SHR,

Total number of individual risks a child expe-
rienced out of the 12 possible risks, col-
lapsed into a categorical variable with a
range of 0-5 or more given the skewness of
the data (93% of children experienced

Straightforward, single
metric

Lacks specificity on which
domains are experienced
and the density of risks
(ie, how many) within
each domain. Can easily
report domains and sin-
gle items as needed.

Requires a large sample
size to ensure sufficient
power to assess combi-
nations with lower
prevalences.

Specific, enables identifica-
tion of risk profiles

Medical, social, and relational (> 1 MHR,

Simple, intuitive Lacks complexity by not
specifying which domains
a child experienced.
Lacks specificity as to

which criteria are met

support/coping was low (8 = 0.10) and accounted for a
negligible amount of variance (R? = 0.01, SE = 0.00). A
revised CFA without this variable was conducted but the
model fit was near identical (X2(41) =1,398.23, P < .001;
RMSEA = 0.02; SRMR = 0.08; CFI = 0.97; TLI = 0.96),
as were parameter estimate values for the remaining 11
risk items. We also examined a unidimensional model
with all items loading on a single latent factor, but that fit
was inferior (X2(54) =4385.47, P <.001; RMSEA =0.03;
SRMR = 0.11; CFI = 0.90; TLI = 0.88; Figure 1, Panel B).
The SHR and RHR domains were highly correlated
(r = 0.88), yet we retained the distinct risk domains given:
1) the qualitative difference between SHRs and RHRs and
their potentially different intervention approaches (socie-
tal, familial, both), and 2) the higher correlation between
RHR and MHR (r = 0.78) compared to SHR (r = 0.43)
and potentially different associations with study out-
comes. In addition, only 40.6% of children with RHR also
experienced SHR such that independent impacts of RHR
on MHR and study outcomes would be obscured by com-
bining RHR with SHR.

The retainment of separate SHR and RHR domains was
further corroborated by findings showing both indepen-
dent and interacting associations between MHR and child-
ren’s SHR and RHR. Specifically, as shown in Figure 2,
prevalence of MHR was 24.9% for children with neither
SHR nor RHR and was highest for children with 2—4
RHR and 2—4 SHR (69.9%). Yet, even with no SHR,

54.4% of children with 2—4 RHR had MHR and 65.2%
with 2—4 RHR and only 1 SHR experienced MHR. Com-
paratively, 46.6% of children with 2—4 SHR and no RHR
experienced MHR. All adjusted odds ratios were signifi-
cant. See Technical Appendix C4™* for detailed regression
findings showing all variations resulted in significant
adjusted odds ratios.

PRrebicTIVE VALIDITY

HeaLTHCARE UTILIZATION

Children who experienced risks across more ICRI
domains or individual criteria were systematically more
likely to visit the emergency room and have forgone care
in the past 12 months (Table 2). For example, children
experiencing 2 domains were twice as likely to visit the
emergency room (26.7% vs 13.4%; aOR: 2.05; 95% CI:
1.83—2.29) and 9.2 times more likely to have forgone
care (4.6% vs 0.5%; aOR: 7.21; 95% CI: 5.01—10.36)
compared to children without risks on any domain. The
adjusted odds of forgone care were 6.12 (95% CI 3.77
—9.93) times greater for children with only SHR and
RHR (no MHR) compared to no risks.

PosiTive HEALTH AND EDUCATIONAL PREPAREDNESS/
ENGAGEMENT

Children with risks in fewer ICRI domains or on
fewer individual ICRI measures were more likely to
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PANEL A (3 Domain Model)®
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PANEL B (Unidimensional Model)”
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Figure 1. Standardized results from Confirmatory Factor Analyses (CFA) on the Integrated Child Risk Index (ICRI): Results from a 3
domain and unidimensional modeP Data: National Survey of Children’s Health. ® WCCI=Whole Child Complexity Index; Diffs=1 or more
functional difficulties; Conds=2 or more chronic conditions; Poorhlth= fair or poor overall health status; CSHCN=complex special healthcare
needs; Discrim=discriminated against because of race/ethnicity; Food=sometimes/often could not afford food; Nbhdviol=unsafe neighbor-
hood or witnessed/experienced violence; Hardship=difficulty meeting basic needs; Mental=caregiver poor/fair mental health status; Ace2=-
child experienced 2 or more ACEs; Aggrav=caregiver frequent aggravation or anger toward child; Cope=caregiver lacked emotional
support/not coping well. ® Path coefficients represent factor loading coefficients (standard errors) on the respective factors. All paths were

significant atP < .01.

meet child flourishing index (CFI) and educational pre-
paredness (3—5-year-olds) or school engagement (6
—17-year-olds) criteria (Table 2). Compared to chil-
dren experiencing all 3 risk domains, those without
risks were about 3 times more likely to meet CFI crite-
ria (61.8% vs 21.2%; aOR: 4.81, 95% CI 3.98—5.81)
and nearly 2 times more likely to meet educational
preparedness/engagement criteria (80.6% vs 43.8%;
aOR 4.87, 95% CI 4.11-5.78).

See Technical Appendix C1 and D6-D9 for detailed
regression findings by ICRI subdomains.”* Of note,

associations between study outcomes and race/ethnicity
and household income were largely insignificant after
adjusting for children’s ICRI scores.

NATIONAL AND ACROSS STATE PREVALENCE ON
THE INTEGRATED CHILD HEALTH INDEX

Overall, 28.8% of all children and 46% of publicly
insured children experienced risks on 2 or more ICRI
domains, and 8.8% of all US children had risks on all 3
domains. This was 16.2% for publicly insured children
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aOR: 1.57¢
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Figure 2. Prevalence of US children who experienced any ICRI Medical Health Risk (MHR) by their Relational Health Risk (RHR) and
Social Health Risk (SHR) criteria count scores. Data: National Survey of Children’s Health. Notes. All prevalence rates are weighted to rep-
resent the US child population. Adjusted Odds Ratios (aOR) are adjusted for age, sex, race/ethnicity, income and insurance coverage type.
SaORs are statistically significant after adjusting for age, sex, race/ethnicity, income and insurance coverage type.

with a range of 9.0% to 25.7% across states (Table 3,
Scoring Option 1). For all ICRI scoring options, preva-
lence was higher for older, non-white, lower income, and
publicly insured children (P < .05). Smaller differences
were observed by child sex, with male children having
generally higher rates of risk on the ICRI across all scor-
ing options. This was driven by higher rates of MHR for
male children. Prevalence of children experiencing risks
on 2 or more ICRI domains ranged from 22.5% for White
children to 43.2% for American Indian/Alaskan Native
children, and from 47.1% for children with poverty level
household incomes to 14.3% for children with household
incomes 400% or greater than the Federal Poverty Level.
See Table 3 and Technical Appendix C2 and C3.*

The prevalence of children who experienced risks on 2
or more ICRI domains ranged from 23.3% to 38.4%
across US states. This range was 35.6%—53.2% among
children who lived in households with incomes less than
200% Federal Poverty Level. See Figure 3. See Technical
Appendix E2** for detailed findings.

CompaRisoN WITH 2019 NATIONAL SURVEY OF CHILDREN’S
HEeALTH

Predictive validity and prevalence findings on the ICRI
domain count scoring option were consistent using either
the 2016—2018 NSCH or the 2019 NSCH data. Overall
prevalence rates were no more than 0.5% lower in 2019
across all domain count score categories (0, 1, 2, 3). The
small differences found were driven by changes to the
wording of the “economic hardship” measure in the 2019
NSCH - changes that led to fewer children being identi-
fied as experiencing this social health risk. See Technical
Appendix E4™ for detailed findings.

Discussion

This study sought to develop a parsimonious and intui-
tive child-level risk index that acknowledges the complex-
ity of children’s medical, social, and relational health
risks. To achieve this, we leveraged the practicality of

cumulative risk indices and the granularity of factor ana-
Iytic techniques to allow for risk domains to be evaluated
separately and in combination with each other. While still
a data reduction approach, the ICRI allows for the possi-
bility of different associations among risk domains and
provides more specificity about the types of risks versus
just total quantity of individual risks. The ICRI domain
count scoring option showed strong validity consistent
with that found for the cumulative risk scoring option yet
may be more intuitive. The ICRI provides valid national
and state level information about the complexity of child-
ren’s risks associated with positive health, educational
preparedness/engagement and emergency and forgone
care. This information can be used to understand needs,
document and track inequities, tailor and compare serv-
ices quality and outcomes across child subgroups and
help guide the design of integrated systems of care in
states. The NSCH is collected annually, enabling the ICRI
to track the impact of policies and innovations aiming to
reduce the medical, social and relational health risks chil-
dren experience and to promote health equity, including
the implementation of integrated models of care and utili-
zation of comprehensive, family centered primary care
medical homes. Substate ICRI findings (eg, county or
city) using the NSCH can be estimated using synthetic
estimation methods. States can also elect to increase the
NSCH sample in their state to enable more robust geo-
graphic and/or child subgroup analysis and tracking over
time.

The ICRI complements emerging state-level
approaches to assess complex risks of children using sys-
tem-level data, like that set forth in Oregon.”’ Interest-
ingly, our Oregon ICRI findings using the NSCH were
consistent with findings from the Oregon systems-level
data algorithm. The ICRI identified 15.8% of Oregon’s
publicly insured children with risks on all 3 of its medical,
social and relational health domains whereas the Oregon
algorithm identified 22.1% of such children meeting both
its medical and social risk criteria. Here, the ICRI



Table 2. Associations Between Children Experiencing Each Study Outcome (Emergency Room Visits, Forgone Health Care, Child Flourishing, School Engagement/Ready to Engage in School) and Their
Integrated Child Risk Index (ICRI) and ICRI Individual Medical, Social and Relational Health Risk Component Scores*

Children Age 3—-17

Who Met Criteria for Being
Children Age 0—17 Who Children Age 6 Engaged (Age 6—17) or
Experienced 1+ Hospital Children Age 0—17 Who Months —17 Caregiver Was Confident Child
Emergency Room Visits in Experienced Forgone Health Years Who Met Child Was Prepared to Engage
All Ghildren* the Past 12 Months* Care in the Past 12 Months* Flourishing Index Criteria’ (age 3—5) in School
ildren
Percent Percent Adjusted Odds Ratio* Percent Adjusted Odds Ratio* Percent Adjusted Odds Ratio* Percent Adjusted Odds Ratio*
All' US children 100% 19.9% N/A 3.1% N/A 47.8% N/A 69.1% N/A
Experienced 1+ ICRI criteria 63.7% 23.5% 1.74 (1.60—1.89) 4.5% 6.22 (4.47-8.65) 40.1% Ref 63.3% Ref
Scoring Option 1: Domain
Count: Number of ICRI
domains experienced
0 36.3% 13.4% Ref 0.5% Ref 61.8% 4.81(3.98—5.81) 80.6% 4.87 (4.11-5.78)
1 34.9% 19.0% 1.43 (1.30— 1.57) 2.1% 3.08 (2.11—4.48) 48.5% 3.08 (2.56—3.72) 72.3% 3.21 (2.74-3.77)
2 20.0% 26.7% 2.05 (1.83—2.29) 4.6% 7.21(5.01-10.36) 34.9% 1.84 (1.51-2.24) 57.9% 1.70 (1.44—-2.01)
3 8.8% 34.5% 2.92 (2.55—-3.35) 13.8% 22.15 (15.50—31.65) 21.2% Ref 43.8% Ref
Scoring Option 2: Domain
Combinations: Mutually
exclusive combinations
No ICRl risks experienced 36.3% 13.4% Ref 0.5% Ref 61.8% 4.59 (3.80—5.54) 80.6% 4.63 (3.90—5.48)
Only Medical Health Risks 12.0% 23.4% 2.03 (1.82-2.27) 2.4% 3.87 (2.57-5.84) 41.3% 2.12 (1.74—2.60) 65.2% 2.20 (1.83—2.63)
Only Social Health Risks 7.5% 19.2% 1.25 (1.07—1.46) 2.4% 3.63 (2.22-5.93) 51.4% 3.20 (2.59—-3.96) 73.5% 3.29 (2.66—4.07)
Only Relational Health Risks 15.4% 15.4% 1.07 (0.92—1.23) 1.8% 2.24 (1.31—3.84) 52.2% 3.73(3.02-4.61) 77.0% 4.08 (3.38—4.93)
Only Medical & Social Risks 4.7% 34.8% 2.81(2.35-3.35) 5.7% 9.65 (6.38—14.61) 36.2% 1.81(1.41-2.34) 55.6% 1.51(1.19-1.92)
Only Medical & Relational Risks 8.1% 26.0% 2.07 (1.81-2.38) 4.1% 6.64 (4.46—9.88) 27.3% 1.23(0.98—1.55) 50.5% 1.26 (1.04—-1.53)
Only Social & Relational Risks 7.2% 22.1% 1.45(1.22-1.73) 4.3% 6.12 (3.77-9.93) 41.2% 2.57 (2.03—3.25) 66.2% 2.41 (1.94—3.00)
Medical, Social & Relational Risks 8.8% 34.5% 2.80(2.44-3.22) 13.8% 21.81(15.26 —31.15) 21.2% Ref 43.8% Ref
Scoring Option 3: Cumulative
Risk: Number of ICRI criteria
experienced
0 36.3% 13.4% Ref 0.5% Ref 61.8% 7.12(5.73-8.84) 80.6% 6.65 (5.53 —8.02)
1 27.4% 17.1% 1.26 (1.13—1.40) 1.9% 2.52 (1.66—3.82) 51.7% 5.10 (4.10—6.35) 75.8% 5.20 (4.33 —6.25)
2 15.0% 23.2% 1.75 (1.55—1.97) 2.7% 4.28 (2.78—6.58) 41.5% 3.45 (2.75—-4.33) 66.8% 3.35 (2.75—4.08)
3to4 14.3% 29.1% 2.45(2.17-2.76) 5.5% 9.19 (6.43—13.15) 30.2% 2.27 (1.80—2.86) 52.9% 1.89 (1.57—2.28)
5to12 71% 37.8% 3.54 (3.07—4.07) 16.6% 29.10 (20.27—41.77) 15.0% Ref 36.1% Ref
Medical Health Risk ICRI Domain:
criteria count®
0 66.4% 15.5% Ref 1.4% Ref 56.0% 2.53(2.33—2.75) 77.2% 2.67 (2.45—-2.91)
1+ 33.6% 28.6% 2.10 (1.95-2.28) 6.3% 4.30 (3.46—5.34) 31.5% Ref 54.0% Ref
Social Health Risk ICRI Domain:
criteria count®
0 71.8% 16.9% Ref 1.5% Ref 52.7% 1.62 (1.47-1.78) 73.8% 1.77 (1.60—1.95)
1+ 28.2% 27.3% 1.50 (1.37—1.64) 7.0% 4.08 (3.32—5.00) 36.9% Ref 58.9% Ref
Relational Health Risk ICRI
Domain: criteria count®
0 60.5% 17.8% Ref 1.5% Ref 54.2% 1.53(1.41-1.67) 74.4% 1.59 (1.45—-1.74)
1+ 39.5% 23.1% 1.20 (1.10-1.30) 5.5% 2.74 (2.24-3.35) 38.2% Ref 61.7% Ref

NOTES All percentages are weighted to represent the child population nationally and in each state.

*Data source: 2016-2018 (3 years combined) National Survey of Children’s Health.

tData source: 2016-2017 (2 years combined) National Survey of Children’s Health.

tAdjusted Odds Ratios (aORs) are adjusted for age, sex, race/ethnicity, income and insurance coverage type. See Appendix A5** for detailed description of each study outcome variable. See Technical
Appendix D1*for the prevalence of US children who experienced Integrated Child Risk Index criteria by child responses to each outcome measure. See Technical Appendix D2* for the prevalence of
study outcomes by child’s age, race/ethnicity and household income and insurance status and type groups. See Technical Appendix D3-D9** for regression analysis details.

§aORs are not adjusted for other domains.

SOld1viddd JOIN3avoy

X3AN| MSIY aTIHD A3LvHOILIN| NV 40 ALIANVA

656



Table 3. National and Across-state Prevalence of Children Experiencing Integrate Child Risk Index (ICRI) Criteria for Each ICRI Scoring Option and on Each of the 3 ICRI Domains (Medical, Social and/or
Relational Health Risk): by Child’s Insurance Status/type and Race/ethnicity*

Child Insurance Status and Type

State Range for

Child Race/Ethnicity

American Indian/

Native Hawaiian/Other

All Children, Publicly Privately Publicly Insured White, Non- Black- Asian, Alaska Native, Pacific Islander, Multi-race,
Age 0-17 Years Insured* Insured Uninsured Children (%) Hispanic Hispanic Non-Hispanic Non-Hispanic Non-Hispanic Non-Hispanic Non-Hispanic
All US children 100% 35.9% 57.8% 6.3% N/A 24.9% 51.1% 13.2% 4.6% 0.4% 0.1% 5.0%
Experienced 1+ WCCI criteria 63.7% 81.1% 51.6% 73.5% 72.3—-88.1 74.7% 55.0% 74.3% 69.4% 71.8% 81.3% 65.3%
Scoring Option 1: Domain Count:
Number of domains in which
any risks are experienced
0 36.3% 18.9% 48.4% 26.5% 11.9-27.7 25.3% 45.0% 25.7% 30.6% 28.2% 18.7% 34.7%
1 34.9% 35.2% 34.2% 38.3% 24.9-415 38.5% 32.4% 35.1% 46.6% 28.5% 38.9% 31.0%
2 20.0% 29.7% 13.4% 23.2% 21.4-355 25.6% 15.8% 25.1% 17.7% 29.8% 28.2% 23.2%
3 8.8% 16.2% 3.9% 12.0% 9.0-25.7 10.5% 6.7% 14.1% 5.2% 13.4% 14.2%° 11.1%
Scoring Option 2: Domain Combi-
nations: Mutually exclusive
groups
No ICRI risks experienced 36.3% 18.9% 48.4% 26.5% 11.9-27.7 25.3% 45.0% 25.7% 30.6% 28.2% 18.7% 34.7%
Only Medical Health Risks 12.0% 8.5% 14.6% 8.1% 35914.8 8.8% 14.2% 10.9% 9.8% 7.3% 8.4%° 11.1%
Only Social Health Risks 7.5% 9.6% 6.1% 8.2% 6.3—-19.2 7.0% 6.9% 10.5% 4.4% 10.1%° 9.0%° 9.8%
Only Relational Health Risks 15.4% 17.1% 13.6% 22.1% 7.9-25.6 22.7% 11.3% 13.7% 32.3% 11.0% 21.5%° 10.2%
Only Medical & Social Risks 4.7% 7.3% 3.2% 3.2% 4.1-10.5 5.2% 3.9% 7.2% 2.5% 5.5% 10.5%° 5.5%
Only Medical & Relational Risks 8.1% 10.1% 6.6% 9.1% 6.0—-16.2 10.2% 7.0% 8.0% 9.1% 9.9% 41%° 8.2%
Only Social & Relational Risks 7.2% 12.3% 3.6% 11.0% 7.5-16.7 10.3% 4.9% 9.9% 6.0% 14.5% 13.7%° 9.4%
Medical, Social & Relational Risks 8.8% 16.2% 3.9% 12.0% 9.0-25.7 10.5% 6.7% 14.1% 5.2% 13.4% 14.2%° 11.1%
Scoring Option 3: Criterion
Count: Number of ICRI criteria
experienced
0 36.3% 18.9% 48.4% 26.5% 11.9-27.7 25.3% 45.0% 25.7% 30.6% 28.2% 18.7% 34.7%
1 27.4% 27.1% 26.8% 33.1% 16.3-32.8 32.4% 24.6% 26.1% 41.2% 16.4% 30.7% 22.4%
2 15.0% 19.0% 12.0% 17.8% 14.2-26.9 18.2% 12.5% 17.9% 15.4% 17.8% 15.3%° 16.2%
3to4 14.3% 21.5% 9.7% 13.9% 15.9-34.0 16.5% 12.2% 17.9% 10.5% 24.0% 26.4% 16.6%
5t012 71% 13.5% 3.0% 8.7% 6.1-20.4 7.5% 5.6% 12.3% 2.4% 13.6% 8.9%° 10.2%
Medical Health Risk ICRI Domain:
criteria count
1+ 33.6% 42.2% 28.4% 31.9% 28.4-55.0 34.5% 31.9% 40.1% 26.9% 36.8% 36.8% 36.0%
0 66.4% 57.8% 71.6% 68.1% 45.0-71.6 65.5% 68.1% 59.9% 731% 63.2% 63.2% 64.0%
Social Health Risk ICRI Domain:
criteria count
1+ 28.2% 45.4% 16.8% 34.3% 37.9-57.1 33.0% 22.5% 41.7% 18.2% 43.6% 47.3% 35.8%
0 71.8% 54.6% 83.2% 65.7% 42.9-62.1 67.0% 77.5% 58.3% 81.8% 56.4% 52.7% 64.2%
Relational Health Risk ICRI
Domain: criteria count
1+ 39.5% 55.5% 27.7% 53.6% 44.0-65.4 53.6% 29.8% 45.7% 52.7% 48.9% 53.4% 38.8%
0 60.5% 44.5% 72.3% 46.4% 34.6-56.0 46.4% 70.2% 54.3% 47.3% 51.1% 46.6% 61.2%

*Data source: 2016-2018 (3 years combined) National Survey of Children’s Health.

tVariations within child subgroups are all statistically significant. Statistical significance of differences is set at P < .05 and is based on tests of independence comparing the percentage of children meet-
ing ICRI scoring option criteria by children’s age, household income and race/ethnicity.
FIncludes children with any public health insurance, even if they also had some form of private insurance as well.
§Estimate has a 95% confidence interval width exceeding 30 percentage points or 1.3 times the estimate and may not be reliable. See Appendix Part C3 for prevalence for each individual ICRI criteria.
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Nationwide: 42.2%; State range: 35.6% (HI) - 53.2% (RI)

36.4% 7] cT
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42.0% 777 MD
40.9% (277 NH
44.3% [/ 7] NI
53.20%0[  |RI
37.2% [ZZ7] vT
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Lower=Better Performance

I Significantly lower than U.S.

Lower than U.S. but not significant

Higher than U.S. but not significant

[ Significantly higher than U.S.
Statistical significance: p<.05

Figure 3. US map showing the prevalence of children experiencing 2 or more ICRI domains by state among children age 0—17 who live in
households with incomes that are below 200% of the Federal Poverty Level (FPL)? Nationwide: 42.2%; State range: 35.6% (Hl) - 53.2%
(RI). ICRI domains: Medical Health Risks, Social Health Risks, Relational Health Risks; °Shading indicates results of nested t-tests com-

paring each state to the nation (see legend).

identified fewer children, perhaps because it uses a higher
bar to qualify for risk and was potentially more granular
due to use of child-level, person-reported data collection
methods. In addition, variables we recommend the ICRI
be stratified by (eg, limited English proficiency) are
included as risks in the Oregon model.

Whereas prior research on comprehensive child risk
assessment has been limited by sample-dependency,”” we
developed the ICRI using the large, nationally representa-
tive 2016—2018 NSCH combined data sample of US chil-
dren (0—17 years) and confirmed generalizability with a
second nationally representative sample using the 2019
NSCH data. Based on its psychometric properties and our
validity findings, we conclude that the ICRI is a robust,
holistic assessment tool providing important information
at the national and state level. Including 12 measures with
statistically distinct contributions, the ICRI can be consid-
ered a minimal item index. With its multiple scoring
options, the ICRI provides rich information to understand
levels and differences in needs across states and sub-
groups of children based on their demographic character-
istics, insurance type and status, and the numerous health
care quality, education and community variables also
included in the NSCH.

Findings have 4 key implications for promoting the
health of children. First, results provide empirical support
for assessing RHR separately rather than combining RHR

and SHR into a single domain. Nearly 60% of children
with RHR did not experience SHR (59.4%). Yet, com-
pared to children with no RHR, these children with RHR
and no SHR had a prevalence of MHR that was 1.26
—2.18 times greater depending on whether they had only
1 or 2—4 RHR. (Figure 2). RHR and SHR also require tai-
lored intervention approaches, even when they are co-
occurring. For instance, interventions to address food
insecurity alone will differ from those addressing the pres-
ence of food insecurity among children who also experi-
ence ACEs and parents that are distressed. Second, with
nearly two-thirds (63.4%) of all US children with MHR
also experiencing RHR and SHR, results urge that RHR
and SHR be assessed for all children with MHR. These
risks not only contribute to the presence and severity of
the numerous physical, mental, developmental health
problems and functional difficulties assessed in the ICRI
but can also hinder child and family capacities to access
needed services or effectively respond to treatment rec-
ommendations.’” Third, results call for efforts to address
SHR and RHR even when they do not co-occur with
MHR because they are independently associated with
poor outcomes in health, educational preparedness/
engagement and emergency and foregone care. Finally,
study findings show that the absence of risks on the ICRI
does not automatically imply the presence of positive out-
comes-and vice versa. For example, 38.2% of children
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with no ICRI risks did not meet flourishing criteria. And
while children with risks on all 3 ICRI domains had 79%
lower adjusted odds of flourishing compared to children
with no risks, 21.2% of these children still met flourishing
criteria. (Table 3) Overall, this study adds to existing
evidence'®'” supporting a strengths-based approach to
assessment that includes risks but also considers child-
ren’s protective factors and positive health, like those
measured in the child flourishing and school preparedness
indicators used in this study.

LiMmITATIONS

This study has several limitations. First, analyses use
cross-sectional data preventing confirmation of causal
relationships between the ICRI and study outcomes. Yet,
the nationally representative NSCH data used here draw
on previously validated measures and/or have undergone
standardized NSCH validity analysis. The NSCH also
provides important measurement generalizability and epi-
demiological insights which are not feasible to do longitu-
dinally on such a large scale. Nonetheless, improvements
to measures used may improve the ICRI, especially in the
area of relational health risk assessment. Second, the ICRI
may underestimate the prevalence of children’s risks
because: 1) measures represent higher levels of risk (eg,
children with 2+ ACEs or more complex special health
care needs, etc.), and 2) positive caregiver reporting bias
may lower prevalence of risks.”’

CONCLUSIONS

The ICRI is a valid indicator associated with health care
access and utilization and positive outcomes in US chil-
dren. Available national and state ICRI data may inform
existing and emerging policy efforts to build and finance
the integrated systems of care required to reduce child-
ren’s complex health risks, foster health equity and pro-
mote child, family and community well-being.
7:23:24.2847.75°82 Additional studies are required to evaluate
local and clinical applications. Studies are forthcoming to
evaluate the impact of malleable mitigating factors to pro-
tect against the complex risks experienced by many US
children today.
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